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A  study  of  the  effect  of  mercaptant  on  the  foxmstlon 
of  Insoluble  sediment  In  jet  fuels  at  elevated  tesiperatures  Is 
reported  (!].  The  method  of  Investigation  consisted  essential¬ 
ly  In  the  heat  ing  of  sealed  samples  of  the  ft  els  In  glSM  con¬ 
tainers  In  the  presence  of  a  continuously  rotating  lO-or  plate 
made  of  BB^24  bronze  (2].  In  addition  to  copper  land  probably 
other  unspecified  components],  this  alloy  contains  5.7)f  intl- 
aony  and  0.9)[(  phosj^rus  and  exerts  a  strong  deteriorating 
effect  on  jet  fuels  at  elevated  tei^>eratures  (3].  Yhe  effect 
decreases  upon  Introduction  of  nickel  and  stnc  and  reduction 
of  phosphorus  content  to  0.2)(  [3]. 


The  .3tudy  was  conducted  In  three  experimental  series. 
Series  1  Involved  the  testing  of  TC-1  fuels  to  determine  the 
tsBq;>erature  of  maximum  sediment  formation.  The  fuels  were  pro¬ 
ducts  of  a  variety  of  Second  Baku  crudes,  and  their  mercaptan 
sulfur  content  was  from  0  to  0.0211jt.  nie  mitthod  described 
above  [2]  was  omployed  In  the  100  to  300*C  range.  Specimens 
were  held  at  temperature  for  six  hours. 
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Series  2  dealt  with  the  effects  of  aeroaptans  and 
catalytic  aetals  on  sedlomit  foniatlm)  at  150*C  In  a  specially 
hydrofined TC-1  fuel.  (After  hydrofinings  the  fuels  a  product 
of  a  Tuyaasy  crudes  Is  aeroaptsa-free  with  total  sulfur  con¬ 
tent  of  only  O.Olljl.}  The  esperlaente  were  conducted  with  the 
fuel  In  this  Initial  state  and  with  additions  of  Increasing 
aaounts  of  two  specially  synthesised  aeroaptans,  seo-ootyl- 
aercaptan  and  thic^henols  to  the  fuel.  Sie  ejgMrlaenta  took 
place  a)  In  glasa  containers  with  no  catalytic  aetals  pres¬ 
ents  b)  In  glass  containers  also  containing  the  BE-d4-bronse 
plates  and  e)  In  a  braas  container  also  containing  the  plate. 
Again,  speclaens  were  held  at  teaperatttre  for  6  hours. 

Series  3  extends  the  esperlaents  of  aerle'S  2  to  the 
100-300*0  range. 


The  following  are  the  findings  of  the  Investigation t 

In  series  1  sedlaent  foraation  increased  with  in¬ 
creasing  aercaptan  contents  and  the  teaperature  of  aaxjaaa 
sedlaent  foraation  was  150*0. 

Xn  series  2  no  sedinent  was  foxaed  in  the  aeroaptaa- 
free  fuel  heated  In  the  glass  container  with  no  bronse  plate 
presents  saall  aaounts  of  sedlaent  foraed  in  the  presence  of 
the  aetals  and  the  asnunt  of  sedlaent  ine:.'«ased  when  the  brass 
container  was  used.  Additional  aaounts  o;r  either  aercaptan 
with  no  Botal  present  increased  the  sedixant.  Ibiophenol  ex¬ 
erted  a  stronger  effect  than  sec-octylaeroaptan  in  this  case; 
e.g.s  at  0.02^  aercaptan  sulfur  content  the  presence  of  thio- 
phenol  produoed  6.5  a^OO  al  of  sedlaent  ooajpared  to  only  0.8 
for  sec-octylaeroaptan.  Mien  the  aetal  Wf^s  brewftt  into  con¬ 
tact  with  the  fuels  the  results  were  reversed,  ne  values  were 
5.0  for  thlophenol  snd  lt.5  for  seo-ootylaeroaptsn.  Zntroduo- 
tion  of  tho  brass  containsr  rsduosd  tho  teount  of  sodlaont 
under  otherwise  identiesl  conditions  to  3*0  snd  11.0  ag^OO  al. 
respectively. 

The  astslss  howsvsrs  were  corroded  by  the  aeresptanss 
especially  thi^phcnols  which  foiatd  loose  rou^  filas  on  tho 
bronso  surfaces.  Tho  deersass  in  ssdiasnt  in  the  brass  ocn- 
talnsrs  is  sxplsincd  by  the  partial  transition  of  aoroaptsns 
into  the  oorroeion  fila.  Tho  foraation  of  sodiaent  rcaainod 
on  a  level  of  2.4  to  3.0  ag/lOO  al  in  tho  eaq^rlacnts  caploy- 
Ing  the  brass  oontslnsr  snd  tho  bronse  piste  with  0  to  0.02^ 
thlophenol  added  to  the  aeresptan-free  fuel. 
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Iho  rosulta  obtained  in  series  3  confirmed  that  max- 
iBUB  sedlaent  formation  also  takes  place  at  150*0  under  all 
the  conditions  of  the  experiment. 

In  experiments  In  the  glass  container  In  which  mer- 
csptans  were  added  to  the  mercaptan-free  low-sulfur  fuel  and 
the  bronze  plate  was  present*  the  sulfur  balance  after  sedi¬ 
ment  formation  Indicated  that  the  meroaptans  partly  oxidize* 
pax*tly  form  aediBwmt*  and  partly  take  part  In  the  Mtal- 
oorrosl<m  process.  VI th  O.OlJt  thiophenol  sulfur  store  corrosive 
sulfur— 3. H9  mg/100  g  (0.39  In  the  sediment*  6.4  remaining  In 
the  form  of  mercaptans  In  the  solution*  and  6.7  In  the  corros¬ 
ion  film}— was  found  by  analysis  after  the  experlstent  than  was 
Initially  Introduced  in  mercaptan  form  (i.e.*  10  sig/lOO  g). 
the  corresponding  balance  with  mercuptan-free  fuel  Indicated 
no  sediment  at  all  In  the  absence  of  the  bronse  p].ate  and  sed¬ 
iment  with  very  small  amounts  of  sulfur  (0.002  mg/lOO  g* 
which  Is  negligible)  In  the  presence  of  the  plate  and  no  cor¬ 
rosion  on  the  brcnze.  I^ese  findings  Indicate  that  non- 
merc^tan  sulfur  becomes  corrosive  In  the  presence  of  thio¬ 
phenol. 

Analysis  cf  sediment  of  mercgptan-contnlnlng  fuels 
(O.Oljl)  obtained  in  the  glass  container  in  the  presence  of 
the  bronze  plate  showed  considerable  ash  oonte^it*  about  12%, 

The  ash  contained  Cu«  Zh*  and  Cr  In  asMunts  from  1  to  10%  and 
smaller  amounts  (down  to  0.001}()  of  Ca*  Fe*  Ml*  SOf  Al*  Ng* 

Ml*  Pb*  Sb*  Sn*  and  Ba.  Ash  from  thlo^enol  sediment  contained 
Iron  In  amounts  from  1  to  2%,  Sieve  analysis  of  particles 
formed  with  either  mercaptan  Indicated  that  the  majority  of 
sediment  particles  waa  retained  on  the  3-7-mloron  and  15-mior<m 
sieves.  Mercaptan-free  fuels  produced  smaller  sediment  parti¬ 
cles. 

COMKEirT: 

This  study  indicates  the  continuation  of  Soviet  efforte 
In  the  Investigation  of  sediment  fozmatlon  In  TC-1  fuel  end 
In  the  search  for  a  standard  method  of  evaluating  the  thermal 
stability  of  this  fuel.  The  role  of  meroaptana  In  fual  de¬ 
terioration  at  elevated  temperaturee  la  oonflzmed. 

Tha  catalytic  effect  of  such  copper  alloys  as  B&-2d 
and  brass  would  seMi  to  be  of  particular  ccmoem  to  the  Soviets* 
since  provision  was  made  for  its  introduction  as  a  condition 
of  tha  testing  procedure.  The  comparatively  hl^  ash  content 
of  the  sediment  with  the  presence  of  metals  In  amounts  ranging 
fr<»  a  fsw  percent  of  total  ash  content  to  manly  traces  le 
coeqparable  to  that  of  the  sediment  found  In  TC-1  fuels  at  lower 
temperatures  under  conditions  of  actual  flight.  (Sse:  AID 


-  3  - 


AID  Report  61-107 


Report  6l-100«  7  Jul  I96I.}  This  fact  appeaure  to  be  In  11 
with  the  observation  put  fonrerd  In  the  coonentary  to  AID 
port  61-100  that  wear  and  corrosion  sludge  could  poaalbly 
ert  a  catalytic  effect  on  aedlment  fonaatlon. 

the  presence  of  Zn  and  Cr  In  the  ash  portion  of 
aedlaent  in  amounts  from  0.3  to  10%  is  to  be  noted  because 
source  [2]  mentions  only  Sb  and  F  as  components  of  35-24 
bronse. 

The  specially  hydrofined  TC- 1  fuel  used  In  the  p 
ent  study  is  repoirted  as  a  mercaptan-free  material.  This 
oumstuice  and  some  data  also  used  In  the  study  on  the  aaerc 
content  of  nonhydroflned  TC>^  fuels  Justify  some  eoBmcnte 
the  question  of  hydrofining  of  IC-^  fuels  of  Second  Baku  o 
The  TC-1  specification «  roCl'  7149-54  »  pesmlts  a  wealmum  o 
0.01)(  mercaptan  sulfur*  with  total  sulfur  content  not  to  e 
ceed  0,25%»  In  the  present  esxMfiMBts  a  marked  degree  of 
Iment  formation  took  place  in  the  TC-I  fuels  at  mercaptan 
total  sulfur  contents  far  below  the  amounts  prescribed  by 
q»eclfleatlon.  (e.g.*  sediment  formation*  approx.  4-7  mg/ 
at  150*C;  reapictlve  mercaptan  and  total  sulfur  contents* 
0.0051  and  0,l'^%  (Tuymazy  «nd  Zohlmba;;*]  and  0.0072  and  0. 
CHokhanova]. 

It  was  noted  above  that  oonmercsptan  sulfur  beet 
corrosive  when  the  aromatic  mercaptan*  thK^enol*  was  prei 
in  the  fuel.  If  considerable  amounts  of  sediment  form  in 
transport  Jet  aircraft  at  45-50*0  (AID  Report  61-IOO)*  thet 
more  sediment  can  be  expected  to  fom  when  the  Jet  fuel  ie 
In  the  capacity  of  an  engine  coolant  subject  to  the  presen< 
of  catalytic  sMtals  In  other  types  of  Jet  aircraft.  There! 
though  the  authors  of  the  article  refrain  from  any  commenti 
other  than  on  the  desirability  of  taking  the  differences  li 
sediment  foxmation  into  account  in  the  development  of  a  sti 
ard  method  for  evaluating  thenuU.  stability*  the  study  may 
well  be  considered  further  evidence  In  support  of  the  oont< 

flated  IntroduetlOT  of  hydrofining  for  Second  Baku  Jet  fuel 
For  Information  on  the  desulfurization  of  Jet  fuel  by  hydi 
fining  see  also:  AID  Report  61-26*  7  Mar  196I. } 
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